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(57) A light metal alloy material has excellent plastic 
workability. The method of producing the light metal 
alloy material comprise a light nietal as a matrix, which 
is injection-niokied at a solid phase proportion of not 
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limiting upsetting rate of not rrrare than 70% and excel- 
lent moldability This injection molded material can be 
molded into a final molded article by means of single- 
step forging. 
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Description 

[0001] Thepres nt invention relates to a m thod of producing a mat rial for plastic working made of a light metal aitoy, 
particularly a magnesium alloy containing aluminum as an alloy component, and a method of producing a plastic- 

5 w rked product by using the same. 

[0002] Light metal alloys containing aluminum or magnesium as a matrix, particularly magnesium alloys containing 
aluminum as an alloy component have attracted special interest recently as materials, which are light-weight and capa- 
bl off securing a predetermined mechanical strength by means of a plastic working such as forging. However, since 
these tight metal alloys show good thermal shrinkage, the fluidity is lowered unless the casting temperature is raised in 

10 the gravity casting. Consequently, a perfect (fewer cavities) casting is not obtained. However, if the casting temperature 
is high, the cooling rate becomes smaller, resulting in coarse material structure, poor mokiability and small working 
ratia Therefore, the working process must be repeated again to obtain a molded article having a required shape. On 
th other band, a fine structure can be obtained t>y die casting. However, since a molten metal is injected into a die 
urKler pressure in a spray state, a lot of fine cavities are contained in the casting to cause gas defects and, therefore. 

IS good forged materials can not be obtained. 

[0003] To improve the forgeability of the light metal alloy containing aluminum and magnesium as the matrix, a cast 
material having a fine structure must be obtained by a method other than die casting. Therefore, as a result of inten- 
sively studies of the present inventors, it has been found that, when the light metal alloy is injection-molded wNle adjust- 
ing the solid phase proportion or solid phase grain size using a semi-melt injection moving method, a material having 

20 good mddatMlity can be obtained and a desirat)le molded article can be obtained by single forging from the injection- 
molded material. 

[0004] Therefore, a first object of the present inventfon is to provide a semi-melt irtjection molding method of procfajctng 
a material having excellent plastic worf^ility. 

[0005] A second object of the present invention is to provide a method of injection-mokjing a material having excellent 

25 plastic workability and producing a forged article by means of single-step forging. 

[0006] According to a first aspect of the present invention, there is provided a method of producing a material for plas- 
tic working made of a light metal alloy, which comprises preparing a light metal alloy into a molten state at a temperature 
just above a melting point or a semi-molten state wherein a solid phase and a liquid phase coexist and the solid pfiase 
proportion is not more than 20 %; and subjecting the molten or semi-molten light metal alfoy to injection rnokling. 

30 [0007] According to a second aspect of the present invention, tiiere is provided a method of producing a plastic 
worked light metal alloy product which comprises preparing a light metal alloy into a molten state at a temperature just 
above a melting point or a semi-molten state wherein a solkl phase and a liquid phase coexist and the solid phase pro- 
portion is not more than 20 %; arxi sukjjecting the molten or semi-molten light metal alloy to an injectfon mokiing and 
further to a plastk: working. 

35 [0008] According to the present invention, it has been found that good mddability. wherein a limiting upsetting rate is 
not less than 70%. is obtained by adjusting the solid phase proportion to not more than 20% (see Fig. 1). It has also 
been found that, in not only the semi-molten state txjt also completely molten state, when injection motiing is performed 
at the temperature just above the melting point of the matrix, it is possible to obtain a material having excellent mokia- 
bility corrpared with the case of die casting. 

40 [0009] The reason why the solid phase proportion is adjusted to not more than 20% is as follows. 

[001 0] That is, the lower ttie solid phase proportion becomes, the smaller the solid phase average grain size in the 
s mi-molten state becomes. Furthermore, the smaller the solid phase average grain size becomes, the more the mold- 
ability of the injection molding material is improved. It has been found tiiat the solid phase average grain size is prefer- 
ak>ly not more than 300 '^m and the limiting upsetting rate is rapkJIy decreased when it exceeds 300 ^m (see Fig. 2). 

45 [0011] The reason wt^ the above injection-moMed article shows good mokteUsility in case of injection molding at the 
sold phase proportion of not more than 20% is not clear, but is oonskiered as follows. That is. the lK|uid phase portion 
is converted into k fine structure by injectfoh mokiing in the semi-molten state and the mokiability at the time of forging 
is good, whereas, the solkl phase portion is liable to retain the form. Accordingly, when the proportion of the sold phase 
portion is too large or the grain size is too large, scatter in moldability occurs and the mokiability is lowered as a whole. 

so [0012] Since the plastic workability, i.e. forgeability, of the material to be moded according to the present invention is 
improved, forging can be performed at the temperature of not more than 400 °C . Consequently, the strength is 
improved. Since a net-shaped product can be produced by only single forging, in addition to injection molding, a plural- 
ity of forging dies and machining are not required, resulting in advantage such as excellent economical efficiency. 
[001 3} The method of the present invention is preferably applied to those containing magnesium as the matrix and 4 

55 to 9% by weight of aluminum as the alloy component, as the light metal alloy. When the amount is smaller than 4% by 
weight, an enhancement of the mechanical strength is not expected. On the other hand, when the amount is more than 
9% by weight the mokiat»lity (limiting upsetting rate) is drastically lowered (see Fig. 3). 

[0014] The light metal alloy obtained in the present invention is preferably subjected to a T6 heat treatment (composed 
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of a solution treatment and an artificial age hardening treatment) as the condition of the heat treatment. As a result* the 
residual strain at the time of forging is removed and a Chang in shape with a laps oftim of the product does nol occur 
and, furthermore, excellent ductility is further imparted. 

[001 5] According to the present invention, there can be provided an injection molding material having excellent mold- 
5 ability by means of continuous casting. Since the injection molding material is a billet having a rough shape, a final prod- 
uct can be obtained by means of single-step forging and the number of forging steps can be reduced. A perfect 
structure with fewer cavities is obtained and, therefore, the yield can be improved. ! ' 

[001 6] The above and other objects and features of the present invention will become more appar^ from the follow- 
ing description of a preferred embodiment thereof witti reference to the accompanying drawings, throughout which like 
10 parts are designated tsy like reference numerals, and wfierein: 

Fig. 1 is a graph showing a relation between the solid phase proportion and tfie moldabiltty in injection molding of 
a magnesium alloy 

Fig. 2 is a graph showing a relation between the solid phase grain size and the moldability in semi-melt injection 
IS molding of a magnesium alloy 

Rg. 3 is a graph showing a relation between the aluminum content and the moldability in semi-melt injection mold- 
ing of a magnesium alloy 

Figs. 4A-4G are a flow sheet showing the steps of the mettiod of the present invention. 

Figs. 5A-5C are a blow sheet showing the steps of measuring a fimiting upsetting rate of the material of the present 
20 invention. 

Rg. 6 is a micrograph showing a structure of the semi-molten injection niolding material (solid phase proportion: 
4%) injection-molded by the mettiod of the present invention. 

Rg. 7 is a mk:rograph showing a structure of the semi-molten injection mokfing material (solkJ phase proportion: 
25%)injection^moldedbythem«tiodof ttiepreserrtinv^^ ■ ' • 

2S Fig: 8 is a graph showing a relation t>etween the tensile etohgation and the T6 heat trektment. ' - > ' 

Fig. 9 is a graph showing a relation between the tensile strength of a T6 material and the presence or absence of 
forging. ' ' ■ . ' ■ 

Rg. 1 0 is a graph showing a relation between the elongation of a T6 material and the presence or at^sence of forg- 
ing. ' ' ' ■ =>..*••.- 

30 ■ ' 

[0017] The mode for carirying out the invention will t>e described in detail with refer&x:e to the accompanying draw- 
ings. 

[001 8] Magnesium alloys A. B having tiie following composition were injectionHmokled by using a semi-nhelt injection 
mokier (Model: JLM-450E, manufactured by Nippon Seiko-Sho Co.) shown in Rgs. 4A-4Q under the lollbwing cbndi- 
35 tions. In the figure. 1 denotes a cylinder, which is provkled with a screw 2 therein, a high^eed tnjection^mechahisifn 3- 
at ttie roEur end arxl a die 4 at the front erKl» respectively. Heater 5 are arranged around the cylinder 1 in a predetermined 
distance, thereby to heat and melt a material to be charged through a hopper 6 provkled at the inlet of tiie cylirxler 1 in 
order. 

[0019] Rrst raw chips obtained by cutting an ingot into pieces having a longitudinal axis of atx>ut 5 mm are charged 
4o into a hopper. The chips are fed into the cylinder every one shot by using a feeder, and are serrt forward in a measuring 
step where the screw moves backward with rotating. The cylinder is divided into eight zones and temperature-control- 
led, and the chips are gradually heated during the conveyance to reach the semi-molten state in the forward portion. At 
a nozzle j3ortion as a tip. the temperature is lowered to form a solidified plug, thereby preventing a molten metal from 
discfiarging. Ar gas is passed through the cylinder and hopper to prevent oxidation. The screw moves forward at high 
45 speed to fill the die with the molten metal sent fboArard at high speed, and the molten metal was rapkjiy solidified to form 
a nmMed €urtide.'vvhich Is then irert^^ 

[0020} An injection-moUed rough material W1 is removed after die opening (Rg. 4B). inserted between an upper forig- 
ing die and a lower forging die (Rgs. 4C-4D) and forged (Rg. 4E). A forged article W2 is removed after die opening (Rg. 
4F). This forged article'W2(Rg.4G) is finished arid then subjected to a T6 treatment. In the present invention, a proper 
so T6 ti-eatinent varies depencfing on the material composition, but is generally composed of a solution treatment (at 
380'*C. for 10-24 hours) arxi an age hardening treatmem (at 1 70^*0 for 4-16 hours). 
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[Table 1] 



Composition of magnesium alloy 


(unit: % by weight) 




Al 


Zn 


Mn 


Fe 


Si ; 


Cu 


Ni 


Mg 


Alloy A 
Alloy B 


8.8 
7.2 


0.45 
0.48 


0.25 
0.25 


0.001 
0.001 


0.03 
0.03 


0.004 
0.004 


0.001 
0.001 


Bal. 
Bal. 



(Table 2] 



Condition of injection oKSlding 


Injection jaressure 


80Mpa 


InjecKon speed 


2m/sec 


Die temperature 


180 •C 



[0021 1 The magnesium alloy was ground into powders, which are introduced Into the hopper. The solid phase propor- 
tion (solid phase/liquid phase) in the cylinder is adjusted by the heating temperature in the cylinder and the soTid phase 
proportion before injection |s adjusted within the range from 25 to 0%. and the injection molding is performed. When the 
solid phase proportion exceeds 20%, micro cavities are liable to increase (compare a micrograph of Rg. 6 (solid phase 
proportion: 4%) with that of Ffig., 7 (solid p^^ 7 relating to 

Example 6). fherefbre. it is considered that the moldability is adversely affected. On the other hand, the alloy A is con- 
V rted into the completely molten state (solid phase proportion: 0%) and die casting is performed. 
[0022] As shown In Figs. 5A-5C, test pieces having a diameter of 15 cm and a height of 30 cm were prepared from 
th injection-molded articles and die-casted articles In different solid phase proportions (Rg. 5A), inserted between a 
pressing upper and lower dies (Rg. 5B). heated to a test temperature of 350 •C and then upset while maintaining tiie 
test temperature until cracks occur on the surfcice. Assuming a distance between the upper and lower dies is H2. the 
limiting upsetting rate can be calculated by the following eq^^ 

[Numeral 1], . . 
[00231 

: Umiting upsetting rate = (HI - H2)/H1 x 100 (%) (I) 

[0024] The results are shown in Rg. 1. Regarding the material characteristics after injection molding, tiiie portion cor- 
responding to the liquid phase has a fine structure and shows good plastic workability. With the increase of tiie solid 
phase proportion, the moldability is gradually lowered. When the liquid phase proportion exceeds 20%. the lowering 
rate is rapidly increased.^ Comparing with the moldability of the die-casted material, tiie injection-molded material was 
superior in moldability even in case of the completely molten slate (solid phase proportion: 0%). The reason is consid- 
ered that tiie die-casted rnaterialcortlains a lot of nii 

[0025] The relation between tiie solid phase grain size and ttie moldability witti respect to tiie alloy A was studied. As 
a result, when the solid phase grain size exceeds 300 \i m, deformation witfi the portion corresponding to the liquid 
phase scatters and deterioration of the moldability occurs rapidly. This solid phase grain size has a relation witt) the 
solid phase proportion, and tiie solid phase grain size is liable to increase with the increase of tiie solid phase propor- 
tion. The solid phase grain size is measured by using an image analyzer 

[0026] Next, the relation between the content of aluminum in the injection molding material alloy and the moldability 
with respect to the magnesium alloys having tiie following compositions (Examples 1 -6) was examined in case of tiie 
solid phase separation of 6% and 15%. respectively. As a result, ttie following fact has been found. TTiat is. tiie average 
solid phase grain size was about 40 pm and tiie moldability is better in case of tiie solid phase proportion of 6%. When 
th content off aluminum exc eds 8.5%, tiie limiting upsetting rate is smaller tfian 70% and ttie moldability is det ri - 
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rated. The results ar shown in Rg. 3. 



[Table 3] 
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Chemical Composition 


%by weight 








AI 


Zn 


Mn 


Si 


Ni 


Cu 


Fe 


Mg 


Example 1 


4.2 


0.50 


0.20 


0.04 


0.001 


0.005 


0.001 


Bal. 


Example 2 


6.2 


0.48 


0.25 


0.03 


0.001 


0.004 


0.001 


BaL 


Example 3 


6.8 


0.45 


0.22 


0.04 


0.001 


0.005 


0.001 


Bal. 


Example 4 


7.3 


0.47 


0.25 


0.03 


0,001 


0.004 


0.001 


Bat. 


Example 5 


8.4 


0.42 


0.23 


0.03 


0.001 


0.005 


0.001 


Bal. 


Example 6 


9.2 


0.48 


0.23 


0.03 


0.001 


0.005 


0.001 


Bal. 



[0027] Next the results about the effect of the T6 treatment are shown in Rgs. 8 to 10. 

[0028] The strength and ductility are remarkably improved by sutqecting to the T6 treatment after forging compared 
20 with those ol3tained by fbrging the injection niolded article as ft is. 

[0029] As described above, we confirmed various effects; of the magnesium alloys. The relation between the solid 
phase proportion and the moldability is a jshenomenon peculiar to the light metal alloy to be injectibh-molded by the 
semi-melt Injection molding method and. therefore, the method of the present invention can be widely applied to light 
metal alloys oontainirig nriagnesium and aluminum. 

25 

Effect of the Invention 

[0030] As described above, according to the present invention, since the moldability of the injection molding nvaterial 
made of the light metal alloy can be improved, a rough molded article having good moldability can be obtained and a 
30 final forged article can be produced by means of single-step molding. Accordingly, the number of forging steps can be 
reduced compared with the case where a conventional continuous cast material Is forged. Furthermore, since cavities 
are fewer than those of a die cast material, forging can t>e performed. 

[0031 ] Furthermore, the strength and ductal rty are remarkably improved by subjecting to the T6 treatment after forging 
compared with those obtained by forging the injection mokled article as it is. 

3S 

Claims 

1 . A method of producing a light metal alloy material for plastic working, which comprises preparing a molten or semi- 
molten light metal alloy and subjecting said molten or semi-molten light metal alloy to an injection molding, wherein 

40 said molten light metal alloy is kept at a temperature just above a melting point of said light metal alloy and sakl 
semi-molten light metal alloy is made of a soiki phase and a Ik^uid phase vwth a solkj phase proportion of not more 
than 20%. 

2. The metiiod according to daim 1 , wherein an average grain size of safcl solid phase in the semi-molten state is rrot 
45 more tiian 300 ^m. 

3. The method according to claims 1 or 2, wherein ttie light metal alloy contains magnesium as a matrix and 4 to 9% 
by weight of aluminum as an alloy component 

50 4. A method of producing a light metal alloy material for plastic working, which comprises preparing a molten or semi- 
molten light metal alloy containing magnesium as a matrix eind 4 to 9% by weight of aluminum as an alloy compo- 
nent and subjecting said molten or semi-molten light metal alloy to an injection molding, wherein sard molten light 
metal alloy is kept at a temperature just above a melting point of said light metal alloy and said semi-molten light 
meteU alloy is made of a solid phase and a liquid phase with a solid phase proportion of not more than 20% and an 

55 average grain size of saki solid phase in the semi-molten state is not more tiian 300 nm. 

5. A metiiod of producing a light metal alloy product which comprises preparing a molten or semi-molten light metal 
alloy, subjecting said molten or semi-molten light metal alloy to an injection mokiing and further sut^ecting the 
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molded light metal alloy to a plastic working, wherein said moHen light metal alloy is kept at a temperature just 
aboH^e a melting point of siaid light metal alloy and said semi-molten light metel alloy is made of a solid phas and 
a liquid phase with a solid phase proportion of not more than 20%. 

6. The method according to daim 5. which further comprises subjecting the worked light metal alloy to a heal treat- 
ment. 

7. The method accordinja to claim 6, wherein said heat treatment is performed under the condition of a T6 treatment. 

& The method according to anyone of claims 5 to 7, wherein an average grain size of said solid phase in the semi- 
molten state Is not more than 300 ^m. 

9. The method according to any one of claims 5 to 8. wherein said plastic working is forging. 

10. The method according to claim 9. wherein the forging temperature is not nwe than 400*0. 

11. The method according to any one of claims 5 to 10. wherein the light metal alloy contains magnesium as a matrix 
and 4 to 9% by weight of aluminum as an alfoy component.. 

12. A method of producing a light metal alloy product, which comprises preparing a nx)lten or semi-molten light metal 
alloy containing magnesium as a matrix and 4 to 9% by weight of aluminum as an alloy component, subjecting said 
molten or semi-molten light metal alloy to an injection molding and subjecting the molded light metal altoy to a forg- 
ing, wherein said molten Eght metal alloy is kept at a temperature just above a melting point of said light metal alloy 
and said sem-molten light metal alloy is made of a solid phase and a liquid ph^ with a solid phase proportion of 
not more than 20% and an average grain size of said solid phase in the semi-molten state is not more than 300 ^m. 
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Fig.2 
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Fig.3 
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FigAA 

injection molding of rough material 

.Hopper 6 
Heater 5 

High-speed / 
injection mechanism 3 Screw 2 Cylinder 1 





Die 4 



FigAB 

Die opening. Removal of material 




Fig.4C 



FigAD 



Insertion into forging dies 

Upper die 



Material before forging 




Lower die 
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FigAE 

Forging 



FigAF 

Die opening. Removal of fo^yed raw material 




FigAG 
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Test piece 
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Fig, 5 A 
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Fig.8 



Effect of T6 heat treatment 
exerted on tensile elongsrtic^^^ \. 




Example 3 Example 5 



Fig.9 

Effect of presence or absence of forging 
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Fig.lO 

Effect of presence or ateence of forcing 
exerted on elongation of T6 material 




Example 3 Example 5 
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